The process of labour and delivery remains an unnecessary and preventable cause of death for women and babies around the world. Although rates of maternal and perinatal death are declining, there are large disparities between rich and poor countries, and sub-Saharan Africa has not seen the scale of declines shown elsewhere. In many areas, maternity services remain sparse and underequipped, with insufficient and poorly trained staff. Priorities for reducing the mortality burden are provision of safe caesarean section, prevention of sepsis, and appropriate care of women in labour in line with current best practices, appropriately and affordably delivered. A concern is that largescale recourse to caesarean delivery has its own dangers and may present new dominant causes for maternal mortality. An area of current neglect is newborn care. However, innovative training methods and appropriate technologies offer opportunities for affordable and effective newborn resuscitation and follow-up management in low-income settings.
INTRODUCTION <Insert
here>
APPROACHES AND INTERVENTIONS TO PREVENT DEATHS RELATED TO LABOUR AND DELIVERY
The commonality of avoidable factors in labour-related deaths illustrates that overall improvements in intrapartum care will prevent maternal deaths, intrapartum stillbirths and neonatal deaths [14] .
Safe caesarean delivery
Improved accessibility to caesarean section is clearly needed, in line with recent 'Global Surgery 2030' advocacy [15] . But, as shown in the South African data, large scale recourse to caesarean delivery is not appropriate as the intervention itself carries significant harms [4] . By contrast, in highresource settings the safety of caesarean delivery is similar to that of vaginal birth, allowing guidelines to include 'maternal request' as an indication for surgery following appropriate counselling [16] . In low-resource settings the challenge is to extend access to caesarean delivery beyond the low levels currently found in population surveys, for example 4.6% for Malawi [17] , while avoiding the excess morbidity and mortality seen in referral hospitals where caesarean delivery rates now approach 50% [18] . Key clinical considerations for safe caesarean delivery are discussed below.
Gestational age
Timing of planned surgery depends on accurate knowledge of gestational age. Where early pregnancy sonography has confirmed the dates, it is possible almost completely to avoid newborn respiratory distress by scheduling the procedure for 39 weeks [19] . As the cost of ultrasound continues to fall, there is a need to develop systems to incorporate routine early pregnancy scanning into antenatal care. Implementation research is needed on training, staffing, referral systems, procurement and maintenance of obstetric ultrasound for low-resource settings, as well as critical study of the clinical impact. Correct dating also affects management of post-term pregnancy, where induction of labour may avoid late intrauterine fetal death and labour-related perinatal death [20] .
Safe Anaesthesia
Anaesthetic complications accounted for a substantial proportion of maternal deaths reported in the United Kingdom until concerted efforts were made to ensure adequacy of equipment, staffing and pre-operative preparation. A commentator noted a decade ago that "anaesthesia for caesarean section in the UK is now 30 times safer than it was in the 1960s" [21] . An insight into the multiple components that need to be in place to assure optimally safe obstetric anaesthesia is provided by the exhaustive listing of the Royal College of Anaesthetists [22] . Many facilities in LMICs will find these standards difficult to meet.
Subsequent pregnancies
Concern about increasing caesarean section rates includes subsequent pregnancy outcome, such as placenta praevia or accreta leading to major haemorrhage and risk of obstetric hysterectomy. It is estimated that 359 caesarean deliveries at first birth result in one additional case of placenta praevia among the next pregnancies [23] . With regard to uterine scar rupture in subsequent trials of labour, while guidelines typically quote risks of around 1:200 after one, and 1:50 after two caesarean sections, there is concern about the ability to undertake adequate intrapartum monitoring and mount a rapid response if scar dehiscence is suspected in low-resource settings [24] .
Surgical workforce
The cadre of surgeon is probably less important than the specific competencies of individual practitioners. The role of surgical technicians or clinical officers has been the subject of systematic review and while there were no differences in maternal and perinatal mortality following procedures done by clinical officers versus physicians, there was a greater risk of wound sepsis and dehiscence among the former [25] . The possible link between surgical skill and wound sepsis is hard to pin down in formal studies, but the excess of wound dehiscence may be explained by frequent use of midline vertical sub-umbilical incisions by non-physician surgeons. Surgical training should emphasise the transverse approach to mitigate this problem. Non-physician providers remain critically important for extending access to surgery [26] . Regarding cadre of anaesthesia provider, a Cochrane review could not generate informative conclusions [27] . In any event, the comparison is theoretical, considering the small numbers of physician anaesthetists practicing in the developing world, especially in sub-Saharan Africa. Where present, such practitioners are likely to be in leadership roles or supporting complex surgical and critical care, and would not be available as primary obstetric anaesthesia providers.
Sepsis related to labour and delivery
Common challenges include failure to use established best practice, whether antibiotics for prelabour rupture of the membranes or routine prophylactic antibiotic at caesarean section. While recent widespread uptake of antiretrovirals in regions of high HIV prevalence has reduced the burden of sepsis associated with immunosuppression, there is a real risk of recrudescence of puerperal sepsis owing to deficient hygiene and antibiotic resistance [28] . Effective care for women with severe sepsis requires early recognition, often a challenge in previously healthy women who are much sicker than is realised. Microbiology and rapid clinical chemistry backup is absent in many settings, so indirect tools such as the white cell count may be the limit of available investigations.
Fetal intrapartum hypoxia and birth trauma
Life-threatening fetal hypoxia in labour is likely preceded by a period of detectable fetal distress, with fetal heart decelerations associated with tachycardia, or later bradycardia. Routine fetal monitoring should allow detection of fetal distress. Cardiotocography (CTG) is not the answer, as it increases the likelihood of caesarean delivery while providing no benefit to the baby [29] .
Intermittent auscultation every 15 minutes in the active phase of the first stage, and every 5 minutes in the second stage, is currently recommended in the International Federation of Gynecology and Obstetrics (FIGO) 2015 guidelines [30] . CTG should be reserved for high-risk labour, for example in association with pre-eclampsia, induction of labour, prolonged labour, or where fetal distress is suspected on auscultation. The response to fetal distress may be intrauterine resuscitation, assisted vaginal birth, or caesarean section. Clear systematic documentation, for example presented on a partograph, cannot be over-emphasised [31] .
Intrapartum fetal emergencies include severe fetal distress (from cord prolapse, placental abruption, uterine tachysystole, and ruptured uterus) as well as entrapment disorders, like shoulder dystocia and difficult breech birth. Randomised trials do not exist to guide the management of these conditions in terms of saving babies' lives, but numerous guidelines, based mainly on clinical experience, are available to assist midwives and physicians with management algorithms. The important point is that all obstetric clinicians must be ready to deal with these catastrophic events at any time. Current evidence suggests that the best way to stay skilled and up-to-date is in performing regular drills (simulation training) in the labour ward. [32, 33] . All that is required in the maternity facilities is leadership to ensure that the drills are done, with the necessary simulation models at hand.
Risks associated with childbirth and approaches to mitigation in low-resource settings are summarised in Table 2 . Risks related to haemorrhage and hypertensive disease are covered in chapters 6 and 7 respectively <Insert Table 2 
here>

Functional maternity units
A key challenge for maternity care professionals is balancing the need for woman-centred humanistic care with rapid detection and response to life-threatening complications. Our ability to predict complications is limited: most high-risk women do not in fact suffer complications, while most complications occur in low-risk women. To translate these dual requirements into physical facilities, staffing levels and skills mix, and service protocols and guidelines, is challenging. Typical barriers include: 1) separation of professional groups where midwives do not co-ordinate care with physicians; 2) separation between academic and service lines of accountability, where training content differs significantly from the way services are actually provided [34]; and 3) gaps in inservice maintenance of practical competencies, for example in not doing emergency obstetrics drills.
A critical test is what actually happens during the second stage of labour: are women encouraged to adopt a position of their choice, is their companion encouraged to stay with them, and is maternal and fetal monitoring maintained so that fetal bradycardia can be detected and acted upon immediately? To achieve this requires not one but two skilled attendants [35] , and by extension a model of labour ward organisation that can flexibly allocate staff, responding to changes in clinical states of particular patients, and also to peaks and troughs in demand.
Configuration of services for 'very sick obstetric patients'
Often the capacity to manage a very sick patient in the normal labour ward is limited. In referral hospitals, intensive care units (ICUs) are often fully utilised, and within the typical ICU setting obstetric patients form a small proportion of the case mix [36] . Most very sick obstetric patients, mainly those with eclampsia, major haemorrhage or severe sepsis, do not require mechanical ventilation or inotropic support. Close observation and support of organ function through blood pressure control and seizure prevention, pulse oximetry, oxygen administration, management of fluid balance, blood replacement and parenteral antibiotic therapy are the main elements of care.
This level of care can be efficiently provided in a high dependency unit (HDU) configuration, with a 1:2 or better nursing ratio. A physical location close to the postnatal area facilitates mother-baby contact and breast feeding. Nursing administrative arrangements are essential for smooth 'step up' of care for patients who deteriorate and need ICU transfer, and 'step down' care for those ready for transfer to a postnatal ward. Such arrangements mean that a limited number of HDU beds can be used with high occupancy and rapid turnover. Currently, there are no standard definitions of eligibility and exact service configuration for obstetric HDU care, but experience from Aberdeen over 23 years is a good starting point, describing an approach that combines 'high tech' monitoring with a 'mother and baby friendly' environment [37] .
Costs and sustainability of complex care
As public health initiatives to encourage facility-based childbirth under the care of skilled birth attendants gain traction, health systems need to prepare for the care needs of mothers and newborns who might have succumbed to complications in the community but are now brought into hospital. These may be very sick patients requiring complex care and may need to be managed in HDU or ICU facilities. In terms of costing, a small proportion of births will be associated with lifethreatening complications, and service planning models should factor in this inevitable burden of complex cases. Where free maternity care is provided through state or other mandated provision, 'free' also needs to include complex care when needed, with reimbursement to providers that is adequate to provide a functional life-saving service.
NEWBORN CARE
Management of babies with perinatal asphyxia consists of immediate, adequate and appropriate resuscitation, supportive post-resuscitation measures and neuroprotective strategies where feasible.
Guidelines for neonatal resuscitation have recently been published ( Figure 1 ). [38, 39] . Some of these guidelines may not be feasible in. However, every birth should be attended by at least one person who can perform the initial steps and provide effective positive pressure ventilation (PPV). More than 95% of newborns can be managed at birth with basic resuscitation skills [40, 41] . A narrative summary of the new neonatal resuscitation guidelines, with follow-up care, is presented here.
Newborn resuscitation
Initial Steps
Non-vigorous newborns born through meconium-stained fluid should not be routinely intubated for tracheal suctioning. Delay cord clamping for at least 30-60 seconds for vigorous newborns [38, 39] .
Start resuscitation ≥35 weeks' gestation with room air (21% oxygen). For infants at <35 weeks, start with 21-30% oxygen [38, 39] . In low-resource settings where blended oxygen is not available, start with room air. If the baby's heart rate (HR) is <60/min after 90 seconds of resuscitation, increase free-flow oxygen to 100% until recovery of a normal heart rate [42] . If breathing is laboured or oxygen saturation (Sp02) cannot be maintained, start a trial of continuous positive airway pressure (CPAP) [38, 39] . If a pulse-oximeter is not available, improvement in HR or colour may be used for assessment.
Positive pressure ventilation and chest compressions
The most important component of neonatal resuscitation is PPV, which should be started within 1 minute of birth -'the first golden minute' [43] . After completing the initial steps, start PPV if the baby is apnoeic or gasping or the HR <100/minute, or if Sp02 cannot be maintained. Use a flow rate of 10 L/min with initial ventilation pressure of 20-25 cm H2O. For PPV in a preterm newborn, use a device that can provide PEEP (positive end-expiratory pressure). The most important indicator of successful PPV is a rising HR. Endotracheal intubation is recommended before beginning chest compressions. If intubation is not successful or feasible, a laryngeal mask airway can be used [38, 39] .
If the HR remains <60/min after 30 seconds of effective PPV, start chest compressions with PPV at a ratio of 3:1 and FiO2 at 100% until the HR improves. Use the two-thumb technique for compressions and continue for 60 seconds before re-checking the HR.
If there is no detectable HR after 10 minutes of resuscitation, or where HR is <60/min with no spontaneous breathing after 20 minutes, resuscitation should be discontinued in view of high risks of mortality or severe neurodevelopmental morbidity [43] . 
Post-resuscitation care
Standard intensive care is critical in the management of infants with hypoxic-ischaemic encephalopathy (HIE). Management of multi-organ dysfunction, and of acid-base, hemodynamic and electrolyte balance, as well as seizure control can prevent further damage to the brain and improve neurodevelopmental outcome (Table 3) .
Ventilation and oxygenation: Many of these sick newborns require ventilation. While hypoxemia disturbs cerebral autoregulation, increasing the risk of ischemia, hyperoxia increases neuronal injury through cerebral vasoconstriction and oxidative stress. Hypercarbia causes cerebral vasodilatation and intracranial hemorrhage, and worsens neuronal intracellular acidosis, while hypocarbia causes cerebral vasoconstriction. In a study adjusting for the severity of birth asphyxia, peak PaO2 values >200 mmHg in the first 20-120 minutes of life and trough PaCO2 values <20 mmHg were significantly associated with adverse outcomes [45] . Hence, oxygen supplementation and ventilation should be rigorously controlled.
Cardiac dysfunction: Hypoxia-induced cardiac injury may manifest as hypotension [46] . Avoiding hypotension is important because of pressure passive cerebral circulation in asphyxiated neonates [47] . If echocardiographic assessment indicates adequate cardiac contractility but evidence of hypovolaemia, consider a normal saline bolus (10-20 mL/kg), or blood transfusion if the hematocrit is <30%. Start inotropes if echocardiographic assessment indicates poor contractility or if blood pressure remains low despite volume replacement.
Fluid, electrolytes and glucose: Infants with HIE often develop fluid overload presenting with edema, oliguria and hyponatremia. This may be due to acute tubular necrosis, syndrome of inappropriate anti-diuretic hormone release or use of fluid boluses. Electrolyte disturbances like hypocalcaemia and hypomagnesaemia are common and should be managed appropriately. Both hypoglycemia and hyperglycemia accentuate neuronal injury [48, 49] .
Coagulopathy and other organ injury: Disseminated intravascular coagulation may occur and require treatment with blood component transfusion [50] . Renal dysfunction due to acute tubular necrosis is usually transient and resolves in the first week [51] . Liver damage manifests as elevated transaminases and may exacerbate coagulation problems [52] . Early aggressive enteral feeding should be avoided as this may precipitate necrotizing enterocolitis [53] .
Treatment of seizures:
Seizures are associated with accelerated cerebral metabolism, leading to a fall in brain glucose, with increased lactate and decreased ATP. Seizures are also associated with hypoventilation with consequent hypoxemia and hypercarbia. Repeated seizures increase the extent of neuronal injury as well as the risk of subsequent epilepsy [54] [55] [56] . Phenobarbitone and phenytoin are the commonly used anticonvulsants [57] . The drugs given together are effective in suppressing only just more than 50% of the seizures. Alternative drugs include benzodiazepines and lignocaine.
Newer anticonvulsants like topiramate and levetiracetam are not yet adequately studied in newborns, although there are reports of levetiracetam being used effectively [58] . Continuous EEG studies show that an electrographic seizure burden often remains after anticonvulsant treatment [59, 60] . Whether treating all electrographic seizures is necessary is unclear, as both the seizure burden and the use of anticonvulsant drugs adversely influence neurodevelopmental outcome [61, 62] . Anticonvulsants can usually be stopped before discharge especially regarding concern on effects of anticonvulsants on the immature brain [63] .
<Insert Table 3 here>
Neuroprotection
With progress in understanding neurochemical events that mediate brain damage after hypoxicischemic insults, new treatment strategies have evolved, principal of which is hypothermia. Other neuroprotective strategies are still undergoing research [64] .
Therapeutic Hypothermia (TH): TH has been shown to reduce the severity of HIE-associated secondary reperfusion brain injury. Cooling acts at various levels of the neuronal injury cascade, reducing cerebral energy utilization, attenuating excitotoxic injury, and inhibiting apoptosis, free radical production and the inflammatory cascade [65] . A Cochrane review has shown significant reduction in mortality or neurodevelopmental disability at 18 months [66] . The efficacy of TH in lowresource settings is unproven, and may be reduced because of inefficiency of the cooling devices, suboptimal intensive care, or intrinsic differences in the populations served [67, 68] . While studies from LMICs have established the safety and feasibility of TH in intensive care settings [69, 70] , a meta-analysis of randomized trials from LMICs, including 567 infants, showed no significant reduction in neonatal mortality (RR 0.74; 95% CI 0.44-1.25) [71] . However, the confidence intervals were wide, with the effect size compatible with results from high-income countries. Recent systematic review suggests that low-technology cooling methods are feasible in a LMIC intensive care setting [72, 73] .
Criteria for TH are moderate or severe encephalopathy, age <6 hours, gestational age ≥36 weeks (or 1800 g), and either 10-minute Apgar score <5, Need for resuscitation ≥10 minutes, or cord pH<7 or cord base deficit >16 mmol/L. The earlier cooling is commenced, the better the outcome, as the therapeutic window reduces with increasing severity of injury. The core temperature is maintained at 33.5 0 C (33-34 0 C) for 72 hours, followed by slow rewarming at 0.2-0.5 0 C/hour. The most common 'cause' is the rather vague category of 'intrapartum' asphyxia, characterised by fetal or neonatal death in the absence of a catastrophic 'sentinel' event. e) F: Annual numbers of neonatal deaths decreased in Africa as they did worldwide, but the decline was only 1.1% annually, compared with the worldwide 2.4% annual reduction. 
Neonatal resuscitation training programs
Caesarean delivery has the potential to save lives but safety remains an issue. Ways to
Explanations:
a) F: Room air (21% oxygen) is preferred in starting positive pressure ventilation. Use of pure oxygen (100%) is associated with neurocellular damage and poor clinical outcomes. Pure oxygen blended with air may be given, guided by oximetry readings. b) T: The two-thumb method has been shown in low-quality evidence from randomised trials to be associated with increased blood pressure generation, and less compressor fatigue. c) F: The correct compression: ventilation ratio is 3:1 . In newborn resuscitation, asystole or severe bradycardia is primarily a reaction to hypoxia rather than to a cardiac event. d) T: The umbilical vein is the vascular access route of choice. Intraosseous infusion is acceptable as a temporary route for vascular access where umbilical vein access is not possible or feasible. e) T: In general, discontinuing resuscitation efforts in such circumstances (effectively a 10-minute Apgar score of zero) is reasonable, given the high likelihood of subsequent early mortality (50%) or moderate to major long-term disability (25%). The decision can however be individualised. 
